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(57) [Abstract] 

[Problem to be solved] To achieve a surface treating method, 
based on electric discharge processing, which forms a coating 
layer having strong adhesive force and exhibiting excellent 
characteristics and condition on a metal surface of a 
cemented carbide or the like on which no coating layer could 
be conventionally formed with strong adhesive force. 

[Solution] Using an electric-discharge electrode shaped out 
of a powder containing a powder of a hydrogen compound of 
a metal, a coating layer is formed on a surface of a target 
body by causing electric discharge between the electrode 
and the target body in a liquid containing carbon. 

[Claims] 

[Claim 1] A surface treating method based on submerged 
electric discharge, comprising the steps of: 

preparing an electric-discharge electrode shaped out 
of a powder containing a powder of a hydrogen compound of 
a metal; and 



forming a surface layer containing a compound of the 
metal on a surface of a target body by causing electric 
discharge between the electrode and the target body in a 
liquid in which carbon is present. 
5 [Claim 2] A surface treating method based on submerged 
electric discharge, comprising the steps of: 

preparing an electric-discharge electrode shaped out 
of a powder containing a powder of a hydrogen compound of 
a metal; and 

10 forming a surface layer containing a compound of the 

metal on a surface' of a target body by causing electric 
discharge between the electrode and the target body in a 
liquid in which a polymeric material producing carbon by 
thermal decomposition is present. 

15 [Claim 3] The surface treating method based on submerged 
electric discharge according to any one of claims land 2, 
wherein 

the metal contained as the hydrogen compound in the 
electrode is a transition metal;. 
20 [Claim 4] A surface treating method based on submerged 
electric discharge, comprising the steps of: 

preparing an electrode shaped, for use in submerged 
electric discharge , out of a mixture of : a powder of a hydrogen 
compound of a metal ; and a powder of another metal , a carbide, 
25 a nitride, and a bor.ide; and 



forming a surface layer containing a compound having 
high hardness on a surface ofatarget body by causing electric 
discharge between the electrode and the target body in a 
liquid in which carbon is present. 
5 [Claim 5] A surface treating method based on submerged . 
electric discharge, comprising the steps of: 

preparing an electrode shaped, for use in submerged 
electric discharge, out of a mixture of: a powder of a hydrogen 
compound of a metal; and a powder of another metal, a carbide, 
10 a nitride, and a boride; and 

forming a surface layer containing a compound having ' 
high hardnes s on a surface of a target body by causing electric 
discharge between the electrode and the target body in a 
liquid in which a polymeric material producing carbon by 
15. thermal decomposition is present. 

. [Claim 6] The surface treating method based on submerged 
electric discharge according to any one of claims 2 to 5, 
wherein 

the polymeric material, producing carbon by thermal 
20 decomposition is a mineral fat or a vegetable fat. 

[Claim 7] The surface treating method based on submerged 
electric discharge according to any one of claims 1 to 6, 

wherein 

i 

the electrode is shaped out of one or a combination 
25 of powders of zircon, vanadium, niobium, and tantalum, so 
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as to form a highly elastic surface layer on the surface 
of the target body by causing electric discharge between 
the electrode and the target body. 

[Claim 8] The surface treating method based on submerged 
5 electric discharge according to any one of claims 1 to 7, 
wherein 

the electrode is shaped out of a material to which 
a metal powder of the same kind as the target body is added, 
so as to improve characteristics and condition of the surface 
10 of the target body by causing electric discharge between 
the electrode and the target body. 

[Claim 9] The surface treating method based on submerged 
electric discharge according to any one of claims 1 to 7, 
wherein 

15 after forming the surface layer on the surface of the 

target body, secondary processing is done using a 
nonexpendable electrode so as to improve physical properties 
of the surface layer. 

[Claim 10] The surface treating method based on submerged 
20 electric discharge according to claim 9 , wherein 

the nonexpendable electrode is any one of graphite, 
copper, tungsten, silver- tungsten, copper- tungsten, and 
tungsten carbide. 

[Claim 11] The surface treating method based on submerged 
25 electric discharge according to any one of claims 1 to 10, 
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wherein 

The target body is a nonferrous metal. 
[Claim 12] The surface treating method based on submerged 
electric discharge according to any one of claims 1 to 10, 
5 wherein 

the target body is a super alloy. 

[0027] In any one of the first to tenth inventions, the surf ace 
treating method based on submerged electric discharge 
10 according to an eleventh invention is such that the target 
body is' a nonferrous metal. 

[ 0 02 8 ] In any one oft he first to tenth inventions , the surface 
treating method based on submerged electric discharge 
according to a twelfth invention is such that the target 
15 body is a super alloy. 
[0029] 

[Embodiments of the Invention] 

(First Embodiment of the Invention) The following will 
describe characteristic effects of the use of TiH 2 shaped 

20 into an electrode by compression . FromTiH 2 , hydrogen start s 
separating at 300 °C and higher temperatures. TiH 2 
decomposes completely, since the surface of an electric 
discharge point is presumably at the boiling point of the 
material from the start to the end of electric discharge 

25 (normally, 0.1 (.is to 1000 \is) . In decomposition, Ti and 

5 




decomposed hydrogen undergo chemical reactions having 
extremely strong activity . A hydride like TiH 2 is an 
■ unstable compound and causes reactions having high activity 
as would be obvious from common knowledge about chemical 
5 changes.' As hydrogen in nascent period hits, the target 
surface, oxide film and the like which are present on the 
surface (oxides and the like are present on the surface of 
.cemented carbides, steels, etc., may they be fine or coarse) 
are removed (cleaned) . 

10 [0030] Further, Ti adheres strongly to the target surface 
when deposited thereon because the element contains no oxide 
at all and strikes the target surface without losing activity . 
In addition, TiH 2 is a brittle substance by nature and 
therefore broken into fine particles which are smaller than 

15 the natural grain size of TiH 2 - in the occurrence of electric 
discharge. For th£se reasons, if processed under the same 
electric conditions, Ti will produce a processed surface 
with better fineness than conventional WC-Co pressurized 
powder body. Ti produces 6-12 |xm Rmax, whereas 

20 conventionally the Fig. was 30-40 jam Rmax. 

[0031] Further, the initial target surface is a target metal 
material cleaned with hydrogen in nascent period. Once the 
entire surface is processed and coated with either Ti or 
Tie, the surface is either Ti or Tie (due to combination 

25 with carbon derived from the decomposition of oil) . Here, 
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there exist no such conventional grains at all covered with 
Ti containing Ti0 2/ for example. Thus, the next and 
subsequently formed coatings constitute deposit layers 
which exhibit extremely strong adhesion. ' The coatings 
5 thereby. adhere remarkably strongly to cemented carbides too . 
Wear test also proved that the wear resistance was 
epoch-making and had riot been conventionally available. 
[0032] Incidentally, cemented carbides cannot be soldered 
by general arc soldering, but presumably can be made to adhere 

10 by electric discharge processing if the surface is cleaned, 
since in electric discharge processing, the electric 
discharge point is heated up to the boiling point of the 
material and the energy density is higher than in arc 
soldering by a factor of several hundreds. 

15 [0033] 

[Examples] (Example 1) Powder of TiH 2 of grain sizes of 10 
l^s or less is compressed and shaped under the following 
conditions: a diameter of 15 mm, load of 11.4 ton (about 
6500 kg/cm 2 ) , and thickness of about 5 mm. This is glued 

20 to a copper bar using a conductive adhesive for use as an 
electric-discharge-processing electrode . The process 
included only primary processing. A target material and 
a cemented carbide (WC + TiC + Co : GTi30 Mitsubishi Material) 
were subjected to electric discharge processing under the 

25 conditions detailed below, to form a deposit layer on the 
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surface. 

. (1) Process Conditions, Hardness, Processed Surface 
Roughness , Wear Test Result 

1) Process Conditions: Electric Discharge Current Ip 
5 = 3.5 A, Pulse Width xp = 32 \is , Process Time = 2 minutes, 

Polarity of Pressurized Powder Body Electrode (-) 

2 ) Hardness, Processed Surface Roughness : Vickers 
Hardness Hv = 600-900 (Measurement Pressure = 10 g) 

Deposit Layer Thickness = 13 \xm, Processed Surface 
10 Roughness = 10 nmRz 

3) Wear Test ( Daietsu-type Pin. Disk Scheme) Result: 

Ambience Air, Pin Shape § = 7.98 mm (0.5 cm 2 ) 

Push Force = 0 . 5 Kg f, Push Pressure = 1 Kgf /cm 2 , Abrasion 
Speed = 1 m/s, Disk Material SKH-3, Wear Test Distance = 
15 2 5 Km 

Under these conditions, we achieved a wear of 0 mg. 
[0034] For comparison of results in wear test , thq following 
is the wear of a cemented material. 

Wear of Cemented Carbide (GTi30) with Ground Surface 
2 0 = 2 . 1 mg 

Electric Discharge Coated Surface Using Titanium Metal 
Electrode = 0.7-1.5 mg 

TiN + T12N (thickness 2 |am) ion-mixed surface = 1.5 

mg 

25 (Note: The resolution in measurement of wear taken 
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to 0.1 mg. ) 

These results are shown in Fig. 3. Here, we obtained 
hardness, Hv = 600-900, which was only as good as a quenched 
steel or a tempered steel. However, the wear resistance 
5 was remarkably high. A cemented carbide of a base material 
had a high hardness, Hv, of about 1500-1800. However, the 
cemented carbide whose surface was only ground wore as much 
as 2.1 mg as shown in the results . 

[0035] (2) Analysis on Remarkable Improvement of Wear 

10 Resistance 

1) Although no clear explanation exists at this moment 
as to why the wear resistance is so high while the hardness 
is low, the inventors infer as follows . A surface deposited 
using TiH 2 powder article electrode by submerged electric 

15 discharge is composed of Ti and TiC and adheres to the cemented 
carbide surface of the base material without containing any 
oxides at all. Int he reaction with the base material surface 
in the occurrence of electric discharge , the cemented surface 
can also be heated temporarily up to the boiling point of 

20 the material, and therefore, the deposited Ti and TiC can 
be diffused and fused to the base material side to some degree . 
From the interface with the base material to the surface 
of the deposit layer (in this case, about 13 nm) , the 
composition is also -Ti and TiC with no oxides at all, but 

25 adhesion is established. The Ti component, at the top 



surface on the deposit layer, is oxidized into Ti0 2 in the 
air, but the inside remains unchanged and Ti is still active . 
[0036] Therefore, in a wear test, the top surface top wears 
and is removed when brought into contact with a disk material 
5 (SK-3) . Thereafter, the disk material is fused to the Ti 
deposit layer side and removed, and attached and transferred 
to the target surface side. Originally, the target surface 
contains Tic too . We therefore presume that a disk material 
(SK-3) to which a little soft Ti surface is attached and 

10 transferred is attached and thereby provides protection. 
[0037] 2) In the case of giving the above analysis, we must 
also explain theoretical differences between the adhesion 
of an electroplated face and hydrogen produced by 
decomposition of a process liquid in electric discharge. 

15 In electroplating, the platingmetal deposits on an cathode, 
in which case, the cathode surface is supposed to be cleaned 
by the hydrogen in nascent period produced by decomposition 
of the plating aqueous solution; however, the plating does 
not have good adhesion. Rather, it is known that the base 

20 material and the plating surface become brittle due to the 
brittleness of hydrogen. It would be appropriate to think 
that this is because the plating metal cannot be fused and 
diffused to the basematerial due to insufficient temperature 
and pressure, although the surface may be cleaned in plating 

25 too. 
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[0038] 3) In the case of the process oil being decomposed 
in electric discharge processing, the oil separates into 
carbon and hydrogen; since more carbon than hydrogen deposits 
on the anode side, hydrogen may strike cathode and perform 
5 cleaning. These effects are not ignorable . Admitting that 
if a WC and Co pressurized powder body is deposited on a 
steel surface, the resultant deposit layer shows remarkably 
strong adhesion, the pressurized powder body deposited on 
a cemented carbide surface, however, did not produce strong 

10 adhesion. Moreover, using a electrode shaped out of simple 
a titanium powder pressurized powder body, we could not find 
conditions under which good deposition is made on a steel 
material. From these results of experiments, we conclude, 
based on the fact that deposition could not made on the 

15 cemented carbide using the hydrogen produced by 
decomposition in submerged electric discharge, that it is 
impossible to go so far as to reduce materials, such as 
titanium powder, whose surface is covered with oxide film. 
[0039] (Example 2) Now, the following will describe results 

20 of experiments of electric discharge using a TiH 2 pressurized 
powder body electrode under different electric conditions . 
The process included only primary processing. 
(1) Different Electrode Polarity 

The TiH 2 pressurized powder body was shaped under the 
25 same conditions as in Example 1. 



# 

1) Hardness, Hv, of Target Surface = 670-900 
(Measurement Pressure 10 g) when Polarity of Pressurized 
Powder Body Electrode (-) , Electric Discharge Current Ip 
= 10 A, Pulse Width xp = 32 jas, and Process time = 5 minutes. 
5 2) Hardness, Hv, of Target Surface = 1450-1550 

(Measurement Pressure 10 g) when Polarity ( + ) of Pressurized 
Powder Body Electrode, and the same electric conditions as 
above . 

From 1), 2), a change in polarity changes hardness. 
10 [0040] (2) Large Electric Discharge Current , Very Small Pulse 
Width 

Electric Discharge Current Ip = 45 A, Pulse Width ip 
- 0 . 5 [is 

Process Time = 2 minutes, Polarity of Pressurized 
15 Powder Body Electrode (-) 

Hardness, Hv, of Target Surface = 2000-3000 
(measurement pressure 10 g) 

Hardness, Hv, of Target Surface = 1300-2000 
(measurement pressure 50 g) 

20 Deposit Thickness 2 |im, Processed Surface Roughness 

6 jamRz 

The fact that the hardness is high when the measurement 
load is small and low when large indicates that there is 
a tendency that the surface is hard and the inside is a little 
25 soft and that the hardness varies with depth. It is believed 
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that this imparts resistance to thermal expansion and impact 
in practical use. 

[0041] (3) Based on. the results of (1), (2), there exists 
a process in which those conditions in (1)-1) are applied 
first and then those in (2) , to provide a unit which greatly 
varies the hardness with depth: the hardness is extremely 
high at the surface and decreases inside with depth to 
sufficient values. An alternatively unit is a method to 
alter the electrode polarity between positive and negative . 
[0042] (Example 3) Now, the following will describe results 
of experiments of surface treatment of steel materials by 
means of electric discharge using a TiH 2 pressurized powder 
body electrode. 

(1) Using a TiH 2 pressurized powder body electrode, 
surface treatment . (primary processing only) was done on a 
steel material (SK-3) by means of electric discharge under 
the same conditions as in Example 1. 

Electric Discharge Current Ip = 3.5 A, Pulse Width 
xp = 32 |is r Process Time = 5 minutes 

Hardness, Hv, of Target Surface = 900-1000 
(measurement pressure 10 g) 

Deposit Thickness 47 jim, Amount of Wear in Wear Test 

0 mg 

(2) A steel material (SK-3) was processed under the 
same conditions as in Example 3- ( 1 ) , and thereafter secondary 
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processing was done using a graphite electrode. For the 
secondary processing, conditions were: Electric Discharge 
Current Ip = 3.5 A, Pulse Width tp = 4 \is , Process Time = 
5 minutes, Polarity of Graphite Electrode (-), and Hardness, 
5 Hv, of Target Surface = 1600-1750. 

These show that secondary processing increased 
hardness by extremely large amounts. A secondary 
prpcessing using a copper electrode increased hardness 
similarly. 

10 [0043] This is because due to the secondary processing, while 
no new Ti or Tie is deposited, the carbon produced from 
decomposition of process oil is bound with residual Ti in 
the coating layer, with TiC accounts for an increased portion 
of the coating layer. 

15 [0044] (Second Embodiment of the Invention) The embodiment 
uses an electrode shaped out of a pressurized powder body 
in which TiH 2 is mixed with another metal, carbide, nitride, 
and boride. To enhance the excellent characteristics of 
TiH 2 , many experiments were conducted using electrodes 

20 shaped out of pressurized powder bodies in which TiH 2 was 
mixed with: 

(1) Metals, such asTa, Nb, V, Zr, which can be a carbide 
in submerged electric discharge; 

(2) Carbides, such as TiC, TaC, NbC, VC, BC, and B 4 C; 
25 (3) Nitrides, such as TiN, hBN, and CBN; 



14 



(4) Boride, such as TiB 2 , boric acid H 2 B0 3/ borax 
Na 2 B 4 0 7 • 10H 2 O) ; and 

(5) yttria ( Y 2 0 3 ) . 

Typical mixtures will be described below: namely, a 
5 mixture containing TiB 2 , that containing TiN, and that 
containing both TiB 2 and TiN . 

[0045] Among the findings', only the primary processing 
produced hardness at least. as good as that of cemented carbide . 
The secondary processing using a graphite electrode or the 

10 like (including electrodes made of copper, tungsten, or the 
like) further improved the hardness which was highest at 
the surface and decreased with depth. The surface was half 
as hard as diamond (as hard as CBN: Hv is 5000 or more) . 
[0046] (Example 4) Electrode Material: TiH 2 + TiB 2 (7:3 by 

15 weight) 

1) Only the primary processing was conducted under 
the same pressurized powder body pressurization conditions 
etc. as those in Example 1. 

Other electric conditions are: Ip = 5.5 A, xp = 32 
20 i^s, and Process Time = 5 minutes. Results were hardness 
Hv= 1850-2500 (load=10g), thickness = 24-28 urn and hardness 
Hv = 1650-2500 (load = 50 g) . 

A wear test was conducted similarly to Example 1, the 
target surface wore 0 mg . The cutting and front faces of 
25 a cemented tool (UTi20 of Mitsubishi Material) was treated 
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by the electric discharge for 2 minutes and cut using a lathe 
to examine the suitability to cutware . Results showed that, 
under the following cutting conditions , those which had been 
subjected to the treatment had 1.9 times as long a life as 
5 those which had not. 

[0047] Under the electric conditions of Ip = 8 A, xp = 8 
(j.s, and process time = 5 minutes and the following cutting 
conditions, those which had had 2.8 times as long a life 
as those which had not. 
10 Cutting conditions: S45C as cut material, Depth of 

Cut = 0.5 mm, Feed = 0.3 mm/rev, Cutting Rate = 160 m/min, 
Dry-cutting 

Estimation of lifetime: Wear breadth of front face 
at a cutting distance of 7 km (generally termed VB) 
15 [0048] 2) After the primary processing, electric conditions 
was carried out for 5 minutes using a graphite electrode 
under the following electric conditions . 

Electric Conditions: Ip = 3.5 A, ip = 4 j^s, process 
time = 5 minutes, hardness Hv = 2100-5100 (load 10 g) , 
20 pressurized powder body electrode (-) 

Hv = 1500-3000 (load 50 g) , thickness 32-36 [im 
Hardness Hv of 5000 is oi>ly second highest to diamond 
which has a Hv of 10000, and equivalent to CBN which has 
50 00 . In this case also, the hardness decreases with depth: 
25 the article is extremely hard at the surface and becomes 




increasingly less hard when distanced from the surface . The 
surface hardness, together with elasticity, renders the 
article extremely useful. 
[0049] (Example 5) 
5 Electrode material: TiH 2 + TiN (7:3 by weight) 

1) Primary Processing Conditions: 

Electric conditions: Ip = 5.5 A, xp = 32 \is , process 
time = 5 minutes 

Hardness Hv = 1050-1800 (load 10 g) , electrode (-) 
10 With only the primary processing, the hardness is the 

highest, only second to that when TiB 2 is mixed. 

2) After the primary processing, secondary processing 
was carried out using a graphite electrode. Resultant 
hardness: Hv = 1700-2300. 

15 [0050] (Example 6) 

Electrode materials were TiH 2 , TiB 2 , and TiN at a rate 
of 2 : 1 : 1 . 

1) Hardness when only primary processing is carried 

out 

20 Same process conditions as in Example 1: process time 

= 5 minutes 

hardness Hv = 2000-2300 (load 10 g) 
thickness 12-18 \im 

2) A secondary processing is carried out using a 
25 graphite electrode. 
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Same process conditions as in Example 1: process time 
= 5 minutes 

hardness Hv = 2550-6050 (load 10 g) 

thickness 14-18 \i 
5 If the measurement load is raised to 50 gr, Hv decreases 

to about 1800, so the hardness obviously decreases with 
depth . 

[0051] (Embodiment- 3 of the Invention) The foregoing 
embodiments aimed at better wear resistance. Although the 

10 primary processing using a TiH 2 pressurized powder body did 
not produce very high hardness, results showed that wear 
resistance was high, probably because adhesion is extremely 
low. Further, when adding TiB 2 and the like, the article 
exhibit high hardness and wear resistance . If the hardness 

15 is too high and raises a possibility of cracking due to 
brittleness, adding Nb, Ta, or NbC, TaC, or the like is thought 
to be useful to impart elasticity. (This fact is known to 
in the field of super hard tools. ) 

[00 52] Adding about 10 % Ta, Nb, or V to TiH 2 and the treatment 
20 was done under the same conditions as in Example 1. The 
addition did not improve hardness: Hv = 600-700 for Ta, Nb 
and 900 for V. However, hitting the surface with, for example, 
a hammer did not cause. the article to break, so the article 
seemed to have improved elasticity. Thickness was 10-20 
25 jam for 5-minute treatment, and the layer was deposited in 



a stable treatment state. 

[0053] Nb, TaC, VC, and the like were added in the experiments 
at a weight ratio of about 10 %, because these elements are 
thought to be useful to improve elasticity in discontinuous 
5 cutting with cutting tools. Results showed that hardness 
Hv was about 900-1050 and did not improve much. But a 
5-minute treatment stably 'deposited a layer having a 
thickness of about 20 jam to 30 \im. The resultant layer was 
strong against hit and other kinds of impact. 

10 [0054] (Embodiment 4 of the Invention) As detailed above, 
it became clear that the addition of TiH 2 , as a pure substance, 
or additionally TiB 2 , TiN, etc. improved the hardness of 
the deposit layer on the surface. TiH 2 adheres strongly 
to the target material, because nascent period hydrogen ions 

15 created by decomposition of a hydride has a function to reduce 
the deposit surface and also because the Ti produced by the 
decomposition is extremely activity, as detailed in the 
Embodiments of the Invention above. Another possible 
reason is that in the process of electric discharge, Ti 

20 decreases in size to the level of particles and comes to 
have increased effective area for contact with the base 
material. The Ti particles is also unique in that they form 
a fine deposited structure and improves the processed surface 
roughness. 

25 [0055] Applying these principles, metal hydrides can be used 
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in surface treatment. Those hydrides that we consider as 
applicable in surface treatment include : ZrH 2/ VH, VH 2 , NbH, 
TaH, FeTiH 2 , LaNi 5 H 6 , TiMnH 2 , and NaBH 4 . 

We conducted an experiment on ZrH 2 as a sample of the 
5 hydrides and will describe the experiment as Example 6. Zr 
has excellent thermal and corrosion resistance and used as 
velocity moderator for thermal neutrons in atomic reactors. 
Zr is used in cutting tools, bearings, parts of thermal 
engines which are required to be thermal wear resistant, 

10 pumps parts, etc. 

[0056] (Example 7) ZrH 2 powder was fabricated into a 
pressurized powder body under the same conditions as in 
Example 1 (compress pressure = 6, 500 Kg/cm 2 ) , and fabricated 
with respect to a steel material SK-3 under the conditions 

15 of Ip = 5 . 5 A, xp = 32 jas , so as to deposit in an extremely 
stable process state. After a 5-minute treatment, 
thickness = 8-10 Jim, hardness Hv = 660-690. Although the 
hardness was not very high, it showed high sufficiently high 
wear resistance. If a high level of hardness is required, 

20 conducting secondary processing using a graphite electrode 
or the like increases hardness. For the secondary 
processing, electric conditions were: Ip = 3.5 A, tp = 4 
|as, graphite electrode (-), and resultant hardness Hv = 
1350-2000-2350 . 

25 [0057] (Embodiment 5 of the Invention) In some cases a highly 
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wear resistant surfaceor the like is needed on aluminum, 
zinc, or steels (especially, soft steels) surfaces, although 
the wear resistant surface is not necessarily very hard. 
Surfaces of wear resistant parts in aluminum engines in the 
5 case of aluminum, molds shaped out of zinc in the case of 
zinc, mechanical parts made of soft steels, although not 
necessarily very hard, need to have an increased level of 
wear resistance in some occasions. If TiH 2 powder is mixed 
with powder of the metal to be surface-treated for use to 

10 fulfill these purposes, a surface coating is formed which 
has a strong adhesive force and hardness higher than the 
base material. A concrete example will be given in which 
a layer is formed on aluminum by the use of TiH 2 and Al 
pressurized powder body electrode. 

15 [0058] (Example 8) A pressurized powder body electrode was 
used of an aluminum die -cast material containing all % target 
base material Si and TiH 2 and Al at a ratio by weight of 
7:3. When current Ip = about 5 A, Tp = about 32 yis , hardness 
Hv = about 400-600. When Ip = about 20 A, Tp = about 260 

20 jus, Hv = 1400 was achieved at the layer top. Treating with 
zinc with respect to this electrode composition produced 
similar results. 

[0059] (Embodiment 6 of the Invention) Some nonferrous metals 
are termed super resistant alloys (super alloys). 
25 Electric-discharge surface treatment technology is 
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applicable to these materials. A material containing Ti, 
6-% Al, and 4-% V has about 100 kg/mm 2 tensile strength and, 
and its Vickers hardness Hv = about 260. This was 
surface-treated using a ZrH 2 pressurized powder body 
5 electrode, and fabricated using a electrode having an area 
of 1.7 cm 2 under the conditions of Ip = 5.5 A, xp = 32 j^ls . 
Results showed that hardness Hv = 660-690, thickness = 10 
p,m. A secondary processing using a graphite electrode 
produced Hv = about 1350-2000. In this process, coating 
10 a Ni- Al-Ti-Nb-Ta alloy by electric discharge produced 
similar results. 

[0060] In this invention detailed so far , the targe t material 
(the material which sits opposite to an electrode and creates 
electric discharge) may be steels and special steels, 

15 cemented carbides, cermets, aluminum and its alloys, zinc 
and its alloys, copper and its alloys, and super heat 
resistant alloy ( also termed super alloys ) chiefly composed 
of Ni, Co, and the like, as well as so-called nonferrous 
materials and nonferrous alloys. 

20 [0061] 

[Effects of the Invention] As detailed so far, a deposit 
layer having a thickness of about 2 urn to about 40 |^m and 
exhibiting strong adhesive force can be formed on the surface 
of steels, cemented carbides, etc. by submerged electric 
25 discharge using a pressurized powder body is formed from 
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Ti, Zr, V, Nb, Ta, or another similar metal or a hydride. 
The deposit layer is highly wear resistant and has better 
processed surface roughness than another example (WC + Co) 
treated under the same electric conditions: the roughness 
5 was 1/2 to 1/3. Further, adding TiB 2/ TiN, TiC, TaC, NbC, 
VC, etc. to the hydride to increase hardness can further 
increases hardness . Adding Ta, Nb, V metals as pressurized 
powder body components improves elasticity. Carrying out 
secondary processing using a graphite electrode, copper 
10 electrode, etc. increases hardness by not less than 50 % 
to 200 %. 

[Brief Explanation of Drawings] 

[Fig. 1] Drawings showing principals of primary processing 
and secondary processing using an electrode made of a 
15 pressurized powder body which is a mixture of WC and Co. 
[Fig. 2] Photomicrographs showing a cross-section of a 
processed layer of the target material after the primary 
and secondary processing using a pressurized powder body 
electrode . 

20 [Fig. 3] Drawings comparing results of wear tests. 
[Numerals] 

1 electrode, 2 base material 
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IS 20 



ffi (2 



5" 

3 ■ 



0X2 9rflttQXC^flQjaaB 

<2) Tim. * H3.£»<**»cts«r«*i 



10 is 



IHtftl-h : 0.5 kef J: ^ TWtWH^ 1 ko?/cm' 



(2) 



annum i] *«o*3Bft:^«i»*t*tri»**rt» 

««*3S**-S, -tE«Jnx*i«ffi±i:±E&*<o<fcS 

^#»©#ffiT**^TJ:E««£ttiJ0X4fc|inT»** 
&S75i£. 

t s-^esi r » fan \z «t « as^a^ft. 

tt*^L-C*D^./it><0*J«*LT«aiLTfflfc». C1CD 
co 14 & (S] _t r 5 d t * 4» 84 £ r * ffi «f ffic ft ( c «fc -5 SI Sa 



[ffi#JS 1 0 J fS*JS 9 J: *aiMa 

1 1 ] i l i o u-rnTWcEfsco 

m. 

(8««12] i«*i)!n>L.ionrni>l:E*o 

m. 

to o 0 1] 

izmnfz±Rco#&£i*^z&ffi$[ : ig}£tfjizmTz t>© 

[0 0 0 2] 

(1) WC£Co©*&3fe£ie£UTEEttfi*»Lfc9«-e 

(2) (UJ.TT i) cr)«fc^l;ttlXffi7i<|»^«LT 

«±T*&*£»iifl:*JfcKJS«ec:L. t i A'T i c 

£-5. CCDB#. Co (3/\';H-) coj:-?A/N*-f i: 

(0 0 0 3] WT. ffi3(E««{C-3t»TBI 1 SfflHTja^ 
-t-S. WC-Co (?>?'7.t- >73-/\'-T h-n/WU 

0C) IZ««t»TI41BJtoiefT0»Jttffl3l*-5 Cl&flo 

x) . #;u-uiH^&co«fc5&. -entst'TfiftLA^^a 

«C«koTPffSISiJjaX (2^UX) S:ffe>. 1 #J)DXC0i£ 

o. 2-&tiax<DmmmQT.',zj: 

iT&?ll@<n&m<U<Ur). fiES^H v= 1 7 5 0i 

co oo 4] z.t\z><n?jmitffibnzttLT\z&i^m%ez 

tOSlCi <t«U R-»VC + CostttT i c 
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T. #J;U£WC 7 0. C o 3 Q <Dm-%comW-£&T.MO) 
®gfiHv = 8 5 0-9 5 0TS-5#. Ctlil^-Sic^ 

ifHv=l 7 1 0 
(0 0 0 5] LfrLUtfZ'<£&Jj&Z&^T\t> jgiSK 

SffiOtttf&giCfc^t&A^U/^tf&.S. 
[0 0 0 6] «£*&?f57)<fSPa®Cta&gJf 

«t**«3— r-f >^Ji«. COSMHOiSfcJililCfc* 
OT, T i COHT. cn^><0^^ai^-5C:ti:T 
-5. 

[0 0 0 7] T i it. ttjfiWl 8 0 0t, »&tt3 0 0 

orw±o&®-e<!D*. *»TS«4 i c»a*sg-ctt. 

WHStSftttftttK (T I -Of) lzSt)tlT4=0. ft 

tt. JftfR-T*. fftift&Kttttao&aax&o&JaJSSic 
f«33^«aSOXi*]J«*«TS.' ■ 
[0 0 0 8] T i ttffi**TWM»ft«WS»j*LTtt 

ffig (V/cm) tfffi<ftQ.-MftttiSe£c:C,iMMe 
£»cM-5fcO-C£.5. COCitt. »J3E2i*8W<3a7" 

r. mas**. fcu<»i»fflai*««cj:o«ti4flinc« 
t i ma. t i ffi»*flj««a«»iiAt^sa.T*-5c 

[0 0 0 9] COT i jWH^T-SiflS. 2&tfttfflSa5K 

Sffiffi S = jc ■ 

V = * • 

gffiffii:#«©lt S/V = 
(2) &#7i*!£#(|:T«*<t:{RSl,fcia 
£Efff S = 6 • 



gdU -?-0— gftt<T i CC0^-&!l^2ASf? 

■«*ft»fc«:'<lt(ft«ttHfefl!) («ittf««T«. 
1 5 6 Or. »A2 5 0 01C) CtfLTtt, 

ItSt- -5. 

[ooio] — KitiRL/fefeojcwuT. mcmmhL 

T. 2&ADX£?T*.tf. fiL^OJf SdcfcoT^DfcS 

&<»tzit>. ®2iz*<DteCit>izmmLrzm (i*jdx) 
&2AAix(cj:«igjiti!)mii9X«sr. 
[ooii] ttj&stm*<j6K&& ovc + 

Co. WC + Co + TiCOil^) ^CMLTIt 
iftfSOT i»*Offi»«»Lfct)0Dtt. **SL;t£:LT 

. 7?*&ttAT«Cl&*f*ft&a:-3-Cfr>3. 7JU 
= -2AO.£?{CSi£©{g<,>t,OTeD^Tt,. iS^CDtt 

■i£-ci-t7—i;mmwmmf£b<Db332>. ■zvm&teTA 
=. -QL><n&Mizi*&%.'p-cm>mt7ji'$.-'5&(Dm 
&us&tf7?;iz±f$.LTm.-DX^z>frc>-?$ ) o . cm^jg 

^&&SfrOcfc?tefe©T-5£t§Tntf. rf^75<oJtgT-^-5 

[0012] tt±©»»g**&. T i ff)Ef»Wg!: 
•fcoT. fi©££0£E{;:flt5Sf;: < fcoTfci£fgLfttr»S 
**8MHT*. T i atfcfe&BftWfriflMtttflt (T i O . 
2) Tttb*TO»4fc«. ^ t^tt^JR to 

[0 0 13] li^oagnMt^Wtosil^s-ksiT^ 
5. 

d2 

d 3 /6 ({BLdte&&Oi!g) 
6/d 

a 

d2 



(4) 
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V=d 

Sffi«>#fg©tt S/V 

5i%A.en5. ILbOTK H £«J*»^8W<8lEft L iZ < 
CO 0 1 4] N. ±E©affi»{tftJijS«. «*f«r=fc£iii 

tnicit^ntf. y u y hot i &m?- 
mr i tST3-f^ >yt«*U; ■a*»iA</at> 

»«. 3Ifi£T<o£. TIVJyKMtt. ^&9<fc<i#*S 

rs. ufe. Jts*p*-c«g»xttigtt«L/iT i*a# 

bftiftQAOtiirs. <&U T i yjy H«at»T i 

3£oTHSA>Si:#;l6ft-3. 
(0 0 15] 

Ttt. T i *©»#SflEtt««Lfe«aoD»^t4. ^® 
€r«tS«C«-3Tt>*BfefbR (T i 0 2 ) *<#2T5fc 

»#*jn*«««iaaffc*fs lac o ffl^attt^r -aw 

SrlS±LT^-5t,cD<i:#A6n^. T1O2O 
Si5i-«SgttS«6T?S5STS'5/i* (1 8 0 0"C) . H 
S^WETlTfRt&LfcitS&KT i 0 2 O£;£T. !S 

K&f!#&£Uc< hot) nnic»»tas*s^<-«: 
0. toXSffi£*<L£tt*<t#fc:flaxlSe*SIB8LTH 

coo 1 6) ±coaaeji?0isr*fc*c«: 
Wisest* =&>ot&3. 

(0017] 

S*T±E««£«JtoXfc'fH|£tt«£«£St*\ ±Cft 
fluX&£ffi±{c±E£KO{t£4&£^tfSffiIJa€:ff*/i)iT 
■2>«fc-5ICL^^OTtfD-5. 



«H.LdS4-iZ20ft£) 
= 6/d 

COO 18] ft2 0KH®tt<ra«=J:*£lML92r& 

tt. ft«o**fl:^«i*»3(5e^tr»*sjac»Lt*o€ 
»o»aErs«t"c±E*«i«aiiih«R:iMi*5fi4 

CO 0 1 9] »3<0»M©«CtJtt^{3j; 4 JJffiJjia^ 

•5«t^(ZLrct,OT5-5. 

CO 0 2 0] 3B4O«M0)««»«a«K:J:**ffi«aa*S 

tt. ^So*^t k«w>£«. «<t«. ss/t 
Hbflfl-caw«8£S*.. ±E^Jnx#i^B±fcis;igg 

Ofl;£t)£^tf Sffiii SJB/ST S«fc 5 iz Lfz h OT« 
-5. 

(0021] X5axaott<f'tt4tcJ:£&S4L92rffi 

#aT*Kt»T±E*ffita»ixttMTtt**»sfes 
-a-. ±E»»ox^^ffi±ti«sgoct^-i»£-&tfS®js 

Sr^/STS cfc 5 IC L 7t t) OT£ -5. 
CO 0 2 2] a6W5KIBO««ftt«CJ:*Sffiffl'a^rj£ 
14. W, 2 O&Bflg^jfg 5 o^cufn^lcfcut. 

«M^)i4rftli^ H 5> «fc -5 {; U ©To £ . 
COO 2 3] ft 7 089!«>tt4';lttKCJ:«ftB*LSJft£ 
14. ■JBl<t^LS6W»Tn«»<DRWi:*s^'C. «®fcf 

£Mc->\>un>. /\'±v^7A. -*y, *>^;[/*so*&3fc 

£ lSt>L<l4te£LTflUX.fct>0£:f£JELT^:S<i:L 
Tfflu. wQttt^tfMx4ftm-ClttBefe£3tt. ±E 
StaXttaffi±!C|S;i®ttOSE^S:^fi3tT^ e t 3 l:Lt 

(0 0 2 4] »8<0«Mfl)fS«t>ttfllCJ:*SE i Effla^ffi 
(4. 1 ^£HL-^7 0H-rtl^05£B§(cijuT. tiLmx. 
^I<i:l5]ffl<73^aSt»5t«$JjnAfefc«)€rfi!t}gLTieat LT 

fflt*. cofliatttiHixttPiTttfliejeafes-t!-. ±ek 

JnX^)C0SSiiOfj£#ii£r[G]±T-5<t P fZ LttOTai. 

(0 0 2 5] ^9O5g0^O«4 J ^fCi:-2>S3a5aPJ!>7& 
14. ^ 1 ^HLg5 7OHTtl^05EgRlc«tr?TSKJjnX^j 

XSrffU. ±ESEIB<0«itteiai±$-tt*J:5lcL/tfe 

(0 0 2 6] 51 1 0O5EB^^jffi^«cmtCJ:-5)affi2!i5i|^ 

h. ffl. ^>?'xf>, ^>^r>. ^^>y^x 
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>. ^yf7, s ryti—l-\-i K <D f 5 ! Tin* *£](/> -5 «fc p(;L. 
(0 0 2 7] 95 1 l<OfSW«)«[t , «[<JcJ:.-B«ffifl!ia^ 

{0 0 2 8] 81 2©RH0«*S*KJ:5«iE4fflS2f 
SfllteuLSSl 0<7)^-rtl25»O35l^!-*JU>T. $ 

[0 0 2 9] 

0 . 1 u s ~ 1 0 0 0 u s ) fi. &fijS<7)SS«-e-CDft 
^W^.«fCS-5t%^.e>n-5<OT. TiH2ttISC» 

©Sufc^SIt*. rfcfrfc. TiH 2 OJ:^j: 

COO 3 0] Sfc. T itt£<&{t4*j£^tfC<hft<. 
£&oT*t*rr-5C: L^t>. T i'H-2«* 

^-t^frTJDlLtti^. S£3fe<OWC-CofiE 

3 0~4 0 AimRmaxClttL 6 ~ 1 2 iimRmaxriq#£>ft 

[0 0 3 1] L^t>. «fflaffi©S^<7)tft«S«. 

— S«SS8MJ7J<8B€:— i£U TiiKIJTi CT- 
aorJ-x-C >^Sn5i, &j5»SHT i fcL<ttT i 



tlTt < L T (r»fc ^ C £ {3 ti -5 , -e<£>£ 

[0 0 3 2] A. »»©7-*J8»T*BH*2fe<&»l*tt 

MASTS U t^t>. Z-^igfgllJZtt^X*^- 
8flE#3a 1 0 OtevHt^OT-. ±I5<7)J:?K?'J-x> 

[0 0 3 3] 
[USS^J] 

gftem. TiH 2 ©figl0«s6(T«)»*^fl)g 

iEti : 1 5mm. ffi8 : 11. 4 h> <W 6 S 0 0 kg/cm 
2 ) . JP<£- : m 5 mm 

UT&BJ-f-s. aaxti i&Jjox©*cj;*. SMitf 

£k (WC + T i C + C o : GT i 3 

(i) *ax^#, ftjt*fffia$. 

1 ) Jax^# : 

Ifcftttdrt I p = 3 . 5 A. r p = 3 2 u s . 

»XWIIII-2». E^MSStt (-) 

2) ftifrfffias : 

t*7*-^SSHv=6 0 0~9 0 0 (ifflgJElO 
g) . 

lt«/B»* 1 3 wm. tt±»fffifiS lOymRz 

3) »&tMk {±&£.\£->t" 4 7. C7?j20 : 

e>ftm £7. 98mm (0. 5c 

m2) 

ftLttti 0. SKgf. tfttEE* lKgf/cm? 

mmms. im/s, f^x^iof skh-3. 

[0 0 3 4] (Si. «E|6K*«S*0)tfc««<7)t*JlfflflBtt«. 



S®£W8'JL£f35ES& (CTi 3 0) OSS&ffi : 2. 1 mg 

>^/S^^{rcfc^»Ui3-T--<>^!fflQian : 0. 7-1. 5 rag 

T i N + T i 2 N mm 2 u m) < * > = ^fflFJlifii : 1. 5 mg 



0 0-9 0 OttitfcAJHfcLOi. ttJ35Lfc»effi{ziS<f 

v= 1 5 0 0~ 1 S 0 0 gg£ £ S Wftl Hh. 
oiZ2. lmgt)|3SSffi-f 

(0 0 3 5] (2) B««ttrt<«L<iai±L/i^tt» 
T5#g 



(6) 
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£nc<g;SLT^<3. COT ifiX^iitfS@<^)S±SS 

[0 0 3 6] *<»tztf>&5m%i$:?TO£. fV7.?fcf 
(SK-3) iMSLtBI, &±SEESIW<Jisffi$££tt 

T i&ffi&ttm&&Ltzy : -< ZZtt (SK-3) 
CO 0 3 7] 2) ±iS<DJ:olc#^Lt*^. €SU y 

CO 0 3 8] 3) Sfc. &«JPI(CJ:oT. flOXte## 
?-?Z&<<ZUZ><DT'\Zti^fr£. : &oZ.t.X'$>Z>. dG9f£ 

m<,zmw.x tzLfriz&mmmzwc + conEE 
LfrL£f.w<o. z-tx^m^^mizm^it 

<fc?<hL,T*>. iii^g*^iJf#^.n?id^Zt. m 

t>. &<m$.-fZ>fkVr$:fL^ih-TZ\}z\ZXZUfr-otz. 
Z. O 0. ^1AW.iZ^-oXi&mLrz7K 

(0 0 3 9] SMS«2, ^f^m^^^A^S 
£>. T i H 2 mm^fS(;=);<b^^meiKr. JJDIfi 
l &fla lowest -a. 

(i) 3J*§®fi£22;U-ig& 

1) J£f/>{*?B&fc£tt (-) 

SfcSI^SSi I p = 1 0 A . /^UXtS :p = 32us 
/J0IB#PJI= SftCDi^ 

&i49!3<iScOHg£H v = 6 7 0'~ 9 0 0 (iiJSJI l 0 
g) 

2) JIJftf*^&&tt < + ) 



fS^Saffico^gH v=l450~-1550 (ffJl^JE 1 
Og) 

±121) 2) «J:0«14<7)£HlCcfc0igg^3£t>-i>. 
CO 0 4 0] (2) feftS^$<L. A;U7.*I£# 

Mftl P = 4 5A. /UX*gip = 0. 5ys 
SaX8#fo1=2^. ffi^mSStt (-) 
3£&gSBCD?5gH v = 2000~3000 (iS'JS/E 1 
Og) 

S&SSSOggH v = l 300-2000 (SJlSffi 5 
Og) 

10 0 4 1] (3) ±E (1) (2) (DtS&J:*). SI 

M#41±Sra : L<ii;*^^giLT. tiC*{I±ia (1) 
Wl) O^friU (2).©i#tt^DIIlAi 
fiR^T*. £3M±. ( + ) (-) {c^A-S 

[0042] nmm3. t iH2<oi£Vi#n.m\z£z>m 

(1) t i h 2 w v ji^3is^ibo^t. mmmi tmm. 
<n&mzxwm (sk-3) (r&nssffls diWrox 

<Dfr) Z'lrifz. 

£Jc€^£SrU p = 3 . 5A, /^7|grp = 3 2tis 

mxmm= s# 

.^SiaffiWJSgH v = 900~1000 (iSJSJI 1 0 

g) 

iftfgJ?^ 4 7 urn. JSI^ia^mcDgiftffi 0 mg 

(2) ±f23y§#|3. CO (l) TSW (SK- 

3) iznaxmmfc. y777-fhi®i:<tot2»i 

«*^i7rtlp=3. 5 A. /-VUXffiz p = 4 y s 
*DXB#Rn=5^. h^ffiCOStt (-) 

^ffll!i5iC0«3iJSH v =1600-1750 
dflj; 0 . 2 ;*ftlX£ff xtfSgE^L < IgLT^S 
c<fc7i<«-5. mmi&xZKmjLffT-otz^inh. fsjfS!r 

CO 0 4 3] CCOQISfJ. 2*Snr(Ccfc0gfLUT i ^, 
L<«T i Crt<«ifi'tL^u«fiiT-. DPX;Ulrt<^LT3t 
CtzCt>vgL'8im ti P<nW&T i ilS^LTS£iaiS^<7)T i 
C <D SftZW-SfrVSMTZfr ZXZZ. 

CO 0 4 4] 5£B^COS^£<D0jg2. T i HijZttil(D£ 

ffll^/iUJS^ISriKT. T i H27i < *LT^o±Id<7)ffin 
fc #14 £ 5 €. (C 5 tf> C 



(7) 
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(1) ««t««*K«fc0«ft:4JjC&O»SfcK W : T 
a. Nb, V, Z r) 

(2) $Mfc« (#] : T i C. TaC. NbC. VC, B 
C. B 4 C) 

(3) (fl:TiN, h B N, CBN) 

(4) Kifttt (W:Ti B 2 . «S5®H2B0 3 . 
^Na2B407 • 1 OH2O) 

(5) -f y MJ7 (Y2O3) 

ff-afc. -5-W4><Z)ftS0i|<i:LT. T i B 2?IaO - 
T i N&m&tDbO). R&T i B 2<tT i Ni^ioitX 

(0 0 4 5] 1 5fcAPIO*©«^t,«««ii«^^fil± 
U *iBtt^-f-f^> K© 1/2 (CBNiPWHvS 

[0046] nmm*. 

: T i H 2 + T i B 2 (7 : 3fifitt) 

1 ) izmmQizikft&temmm 1 tw«T. 1 ^saxo 

Ip = S. 5 A. r p = 3 2 « s . JniB*fH 

«£g: Hv=18S0~2500 (fll 0g) , f 
h- : 2 4~2 8 umRZt 

Sg:Hv=1 6 5 0~2 5 0 0 (fl 5 0 g ) 

nt. 

^n*3BSfi«l (!:|B|*»i*itt*SfT-3te*. SMS® 
^ftlliOmgTSot. gg|A'-r h (£1? 

x'JT;UUT i 2 0) 0T<UI. iffiaEtfSfc-e-tl-etl 

Mft« s »cJ»HTtS[«jaaLJ!t«f»*fl)itt'< 1 1. 9<g© 
CO 0 4 7] g-fc. : I p = S A, rp=Sy 

SL&UfcOiit^. 2. 8{Sc^fi^^^^Lfe. 
Wfflftfr : JSWffm S45C. 0. Smin 

i£9 0. 3moi/rev. mm& 16 0m/min 

(-ftCV'BiLTSSnS) 

CO 0 4 8] 2) iiEO I *flOI». h«ffi 

ttftfttt : I p = 3. 5 A, rp = 4«s. ttHB#W = 

®S:Hv = 2lOO~5lO0 CWr ffl 1 0 g ) . 
(-) 

Hv=lS00~3 0 0 0 (fBSOg) . J?^32~ 



3 6 ym 

SgHv = 5 0 0 0is7Ott. ^-ftr>K«D10 0 
OOC^CiOTSO. CBNOSOOOCESLT^ 

(0 0 4 9] H35S#] 5 . 

: T i H2 + T i N (7 : 3Sfttt) 

1) 

mM^fr: I p = 5. 5 A. rp=3 2«s. flDXBSM 
= S# 

«Sg :Hv=l050~1800 (fifS 1 0 g) , ^Tg 
(-) 

— ;&flDX<D<*-c7)KHi. T i B2igASTfi&U7)<c:ftM: 

2) ±IE— 7 hflt'2*jQI£ 
ftitzWi'&nWmZH v= 1 7 0 0~ 2 3 0 Oggt/i 

C 0 0 5 0 ] ftjffiffl 6 . 
fSW:TiH 2 +TiB2 + TiN (2:1:1) 

1) 1 #;iax©*-lc.=fcS®g 
aniftfrttHiew l trass. »ix^m= 5 # 
S!« Hv=2 0 00~2300 (Sftt 1 0 g) 

1 2~ 1 8 urn 

2) 2»I^y7 7 7^ hm@-C?f 

flQx&#ttnss0ij 1 trass. hixbsihj= 5# 

figg Hv=25S0~6050 (*n=fi 1 0 g) 
1 4- 1 8 um 

mmm&^< to 5 0grtt5iHv= 1 s 0 ong 

K(£TT SOT. cnfc«;P4tt^ t> C <hri<BJ^ 

coo5i] ftwfnnmw&m 3 . s^jE^fci&ssojB 

3. T i H 2 EE«»«s«5 15fcttlXT?tt«aE»t-5-nSi:i8f< 
terttiB^tSpSj&tif&SnT^-S. $<i(CT i B 2 ^ 

Nb.Ta.t,L<lii\bC. T a C3?£;jn;L 
enT^-SfiHStT^-S) 

(0 0 5 2] Ta. Nb. V &T i H 2 (C I 0 % fSJKJjfl 
x.T3?5S0i| 1 £W— fcfrcJniefT-afcSSSittT a . N 
btH v = 6 0 0~7 0 0. VT-9 0 0 t®>g£>,2±&L 

tfr*>. S8t£t>IfiJ±bT^ -Stains. J53>.t, 5 #Jjn 

xti o~2 o umt^miL^x-mmr^. 

[0053] Nb. TaC. VC«PS>W»JI*T?«. Bf 



(8) 
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h-tz. *:<D&m. hv = 9 o o~ i o 5 omtet. $>£. 

r)m<Uit£^n<. 5*rflOXT\ 2 0 u mtJLt 3 0 » m 

[0054] sm<Dtm.om*&4. «±a>^ct5izT 

i H2*S*«fcLT. *flst>L<»i. T i B 2. T i Nft 
<h*S-ADA-5Cl<i:tCioT. «fc Oi«n®S«)SSltlB®€ 

>»CJ;-5l4«affi(7)ii7cf^ffli ; »)8LtT i i«J6T 

[0 0 5 5] dfl>«ca«is»*-fttf. ^/s<D7K^ft#is- 
*. 

ZrH 2 , VH. VH 2 . NbH, TaH, FeTi 
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